Proliferative and fibrosing interstitial lung disease was diagnosed in 20 horses submitted for necropsy between 1982 and 1985. Most of the horses were foals ranging from 3 days to 6 months in age. Six adult horses were affected. The macroscopic and microscopic characteristics of the lesions consisted of proliferative interstitial pneumonia and were similar to those of atypical interstitial pneumonia of ruminants. Based on morphologic features of the lesions, a toxic etiology is suspected for the induction of this naturally acquired primary equine lung disorder, but could not be specifically discovered by historical information.
Interstitial lung diseases are a heterogenous group of disorders of the lung characterized by damage of the alveolar walls and loss of functional alveolar-capillary units. A proliferative response involving alveolar walls and supporting stroma follows the initial injury which is characterized by an exudative phase. More than 100 causes are known in human medicine to induce interstitial disease, but in two-thirds of all cases, no cause can be identified. 4 Etiologic classification of interstitial pneumonias in veterinary medicine includes infectious, toxic/chemical, or allergic f a c t o r~.~J ' J~ Toxic lung injury in horses has been recognized in conjunction with natural consumption of pyrrolizidine alkal~ids,~J I crofton weed, l 4 perilla ketones,2 and experimentally injected 3-methylindole. 1,3,6.21 A recent report of interstitial pneumonia in the horse has incriminated infection with equine influenza virus as a probable cause. 2o We describe the occurrence of interstitial lung disease in several foals originating from individual farms as well as individual cases collected from the necropsy files of the Veterinary Medical Teaching Hospital, University of Florida, from 1982 through 1985. The cases collected are from a total of 1,500 equine accessions and represent 1.3% of the equine necropsies for these years.
Case Histories
The foals (1-1 4) were from breeding farms and collectively had clinical findings of respiratory distress when examined at the Veterinary Medical Teaching Hospital ( Table 1) . Bacterial pneumonia, viral pneumonia, and combined immunodeficiency disease (CID) were considered in the clinical differential diagnosis, especially where Arabian horses were involved. Examination of the thorax by radiography revealed diffusely increased interstitial density throughout all lung parts. Direct cytologic examination of transtracheal washes showed no bacteria and had low cellulanty. The identified inflammatory cells were neutrophils, macrophages, and plasma cells. Treatment with corticosteroids, bronchodilators, antibiotics, and oxygen in individual cases failed to improve the condition of affected animals. The adult horses (1 5-20) had features of chronic respiratory disease very similar to those of the foals.
Of the horses described here, eight died, and eleven were euthanized because of primary lung disease. Horse 12 successfully responded to treatment and was released from the hospital.
Materials and Methods
A complete necropsy was performed on all horses with the exception of horse 12 where the diagnosis was established by lung biopsy. Tissues from major organs were fixed in 10% buffered formalin, embedded in paraffin, and stained with hematoxylin and eosin for light microscopic examination. Two to four lung sites were sampled from each horse. Special stains from each lung section of all horses included Brown and Brenn, Fite's method for acid-fast organisms, Fraser-Lendrum, periodic acid-Schiff, Masson's trichrome, Manuel's method for reticulum, and Gomon's methanamine silver. Lung samples from five horses were fixed, by immersion, in a formaldehyde-glutaraldehyde mixture for electron microscopic examination, post-fixed in osmium tetroxide, dehydrated, and embedded in epon. Semi-thin, 1 pm sections were stained with alkaline toluidine blue. Ultra-thin sections were cut from selected areas, mounted on copper grids, stained with uranyl acetate and lead citrate and examined with an electron microscope (Zeiss Model 1 OCKR). Lung and tracheobronchial lymph gland tissues were aseptically collected for aerobic and anaerobic bacterial cultures as well as for fungal, mycoplasmal, chlamydial, and viral isolations. Unpaired serum samples from four animals were examined for antibodies against equine herpesvirus I, influenza virus, and bovine respiratory syncytial virus. The serology for the latter respiratory virus was included here to investigate its possible participation in the pathogenesis of equine interstitial pneumonia.
Results
The lungs of all horses did not collapse when the thorax was opened at necropsy. They were of firm, meaty texture on palpation. The parenchyma showed a mottled pattern with patchy areas of pale, yellowwhite tissue alternating with purplish-red, plum-colored areas (Fig. 1 ). The parenchyma bulged on cut section (Fig. 2) . Horse 17 had a 5 x 3 cm, hard, bulging, fibrous area, caudally and beneath the pleura of the left lung lobe. On cut section a white, circular area surrounded a yellow, soft, caseous center. In all of the horses, no exudate could be expressed from the airways of the lungs on cut section. No intrapulmonary or subpleural emphysema was present. Horse 2, however, had multifocal mediastinal emphysema. Tracheobronchial lymph nodes generally were diffusely enlarged, measuring up to 8 cm in length. Lymph nodes were moist, soft, and bulged on cut surface. Serosanguineous fluid was present in the thorax of horse 3 (1 liter), and in horses 15 and 17 (4-5 liters). A moderate nasal discharge was noticed in horse 8.
Additional macroscopic findings included marked thymic atrophy in horse 1, corneal epithelial ulcerations in horse 2, a subvalvular ventricular septa1 defect of 2.5 cm diameter in horse 5, gastroduodenal ulcers in horse 7, dissecting aneurysm of the pulmonary artery in horse 10 and degenerative arthritis in horse 20.
Histologically, the acute phase of the disease was characterized by coagulation necrosis of alveolar walls with extensive focal alveolar hemorrhage and edema ( Fig. 3 ). Occasional fibrin microthrombi were present in interstitial capillaries. These changes occurred less frequently in our case material and corresponded with a short period of clinical signs, usually 3-5 days. As the clinical course progressed in the animals, alveoli were focally lined by periodic acid-Schiff (PAS)-positive hyaline membranes ( Fig. 4 ) and were filled with neutrophils and foamy macrophages, some of which were binucleate or multinucleate, and formed syncytia. Alveoli also contained fibrin casts, and protein-rich edema fluid. In chronic cases the histopathologic changes had converted to diffise proliferation of pneumocytes such that most alveoli were lined by prominent cuboidal epithelium ( Fig. 5 ). Some pneumocytes were large and bizarre with large vesicular nuclei and abundant pale, eosinophilic cytoplasm and were frequently seen budding into alveolar lumina ( Fig. 6) . Mitotic figures were occasionally seen. Interlobular septa were widened due to proliferating fibroblasts and inflammatory cells that were mostly neutrophils, lymphocytes, and macrophages. In these chronic cases no thrombi were detected in the microvasculature. Patchy fibromuscular hyperplasia was most prominent in less involved areas. Terminal bronchioles had thickened, hyperplastic epithelium and sometimes contained neutrophils, macrophages, inflammatory cell debris, and mucin in the lumen. They were surrounded by narrow cuffs of lymphocytes in some lungs. Bronchi, primary and secondary bronchioles were free from exudate.
In the older horses, the pulmonary parenchyma had a glandular appearance in many lobules resulting from pneumocyte proliferation. Hyaline membranes were generally absent. The alveolar lumen was filled with cellular debris. Interalveolar septa were thickened by fibrosis, eosinophilic fibrillar material, neutrophils, lymphocytes, and macrophages. There were many areas of replacement of alveoli by collagen and reticulin fibers. The visceral pleura was thickened by fibrosis.
A silver stain of the lung of horse 10 revealed a few oval, silver-positive organisms within macrophages, measuring 4-5 pm in diameter, with intracystic bodies and thick walls. These were consistent in appearance with Pneumocystis carinii. All other lungs were free from evidence of pneumocystosis. Special stains for bacteria and fungi yielded negative results in the lungs of all horses.
Tracheobronchial lymph nodes revealed an increase in the number of mature lymphocytes obscuring the histologic architecture. Moderate lymphocyte necrosis was evident in prominent germinal centers. Reticuloendothelial hyperplasia was characterized by increased numbers and prominence of histiocytes with eosinophilic cytoplasm. Scattered hemorrhage was largely confined to medullary sinuses and was associated with erythrophagocytosis.
The lungs of horses [6] [7] [8] 14 , and 20 were studied ultrastructurally. There were cytoplasmic vacuolar degeneration, myelinoid body formation, and atrophy affecting the ciliated respiratory epithelial cells of bronchioles. The interalveolar septum was widened by proteinaceous fluid and inflammatory cells, mainly neutrophils and lymphocytes (Fig. 7) . Interstitial macrophages and extravasated red blood cells also were present. Interstitial collagen fibrils were disrupted, and capillaries contained red blood cells and neutrophils. Alveolar spaces were filled with desquamated pneumocytes, macrophages, neutrophils, and red blood cells. The cells were enmeshed in proteinaceous fluid and dense fibrin strands suggesting hyaline membranes. U1trastructural observations supported the interpretation of light microscopic changes and failed to identify specific infectious or noninfectious agents.
Attempts to isolate viral sp., Chlamydia1 sp., and Mycoplusmal sp. from submitted lung and tracheobronchial lymph node tissues were negative. The sera of four diseased horses were tested for viral antibodies. Horse 2 had a 1 : 400 titer for equine herpesvirus I antigen and a titer of 1 : 100 for equine influenza virus antigen. The mare of foal 4 had a 1 : 25 titer for herpesvirus I and a 1 : 6,400 titer for influenza virus antigen. There was no evidence of antibodies for bovine respiratory syncytial virus in the sera tested from three foals. Several bacterial or fungal species grew from tracheobronchial washes and lung tissues ( Table 2) . No anaerobes could be isolated.
Discussion
The interstitial pneumonias range from acute to chronic and involve the lungs in a uniform Principally, the original damage is thought to occur to alveolar-capillary endothelial cells and type I pneumocytes. Type I1 pneumocytes are less vulnerable.8 During the acute phase alveolar walls are congested and edematous. Alveoli are filled with serofibrinous exudate with some admixture of leukocytes and red blood cells. Alveolar wall necrosis and desquamation of type I pneumocytes is followed by proliferation of type I1 cells. The features of chronic interstitial pneumonia are intra-alveolar accumulation of various mononuclear cells, persistence of increased numbers of alveolar type I1 cells, and interstitial thickening by accumulations of lymphoid cells and fibrous tissue. Individual type I1 cells assume abnormal size and shape and increase basophilia and mitotic activity leading to a glandular-like appearance of alveolar lining. These morphologic features of chronic interstitial pneumonia were noticed in most of the horses independent of their age; only five had more acute histologic changes.
In addressing the role of various pneumotoxins in the pathogenesis of equine interstitial pneumonia, crofton weed (Eupatorium adenophorum), perilla mint (Perilla frutescens), and other toxic plants containing "penlla ketones" have been reported to produce proliferation of alveolar epithelial cells, and the formation of hyaline membranes as the main lung l e~i o n s .~J~ Bronchiolitis apparently is not a pathologic feature of these toxic plants. Likewise, pyrrolizidine alkaloids which mainly cause damage to the equine liver may induce pulmonary lesions which include proliferation of bronchiolar and alveolar cells with megalocytosis, interstitial fibrosis and inflammatory cellular infil-trate~.~.' In contrast, 3-methylindole (3MI) causes destruction of non-ciliated bronchiolar epithelial (Clara) cells, bronchiolar epithelial hyperplasia, peribronchiolar and bronchiolar fibrosis and peribronchiolar in- Paraquat (1,l -dimethyl-4,4-bipyridylium dichloride) and related dipyridylium herbicides are contact herbicides used in agriculture. In laboratory animals and man the herbicide produces progressive, fatal interstitial inflammation and fibrosis of the l~n g . '~.~~ In addition to pulmonary lesions, renal tubular necrosis and hepatic degeneration have been reported to occur in dogs and cats with paraquat poisoning.'O It has been suggested that the administration of oxygen may hasten death in human paraquat poisoning and that paraquat potentiates the toxic effects of oxygen in the diseased lung. Nothing is known from the literature concerning paraquat poisoning in horses.
Exposure to high concentrations of oxygen for several days causes acute lung injury termed oxygen tox-i~i t y .~ Early morphologic changes of established oxygen toxicity include injury to endothelial cells and type I alveolar epithelial cells, interstitial and intra-alveolar edema and fibroblast proliferation in laboratory animals and human beings. Abnormalities seen under these conditions are, however, reversible, and exposure to 100% oxygen for at least 24 hours is considered safe.s
The role of bacterial endotoxin in equine interstitial pneumonia and its effect on arachidonic acid metabolism, platelets and neutrophils has not been explored beyond the description of vascular endothelial disruption in the equine lung.12 Equine endotoxemia potentially could lead to damage of the alveolar-capillary units, could initiate the early changes in interstitial pneumonia and could create the shock lung syndrome. 15 Further studies should focus on endotoxin as a possible factor in the induction of equine interstitial pneumonia.
Infectious agents causing primary alveolar damage include equine respiratory viruses such as equine influenza virus and equine arteritis virus and the protozoan Pneumocystis carinii. 17, 20 Although the serum titer to equine influenza virus of foal 2 and that of the mare of foal 4 suggests exposure to equine influenza virus, the single serum measurement may be insufficient to be correlated with a possible induction of diffuse alveolar disease. The presence of pneumocystosis was only established in one thoroughbred horse (horse 10). In horses, Pneumocystis carinii appears in Arabian foals secondary to immunodeficiency or as a complication to adenovirus or other infectious pneumonias. Nonetheless, Pneumocystis carinii has been reported to be capable of causing interstitial pneumonia in some animal species."
A variety of bacterial species, notably gram-negative microorganisms such as some Salmonella spp. and E. coli may hematogenously spread to the alveolar units, or may extend to alveoli from adjacent bronchioles as exemplified by Rhodococcus equi. The various bacteria cultured from the tracheal washings and from the lungs in all horses yielded no common denominator. Despite the observation that some of the isolates such as Klebsiella pneumoniae and Pseudomonas aeruginosa are considered pulmonary pathogens in horses with clinical signs of respiratory disease, they were thought to be secondary opportunistic invaders in our horses rather than the real causative agents. Likewise, the morphologic changes in the lungs of our horses did not match the lesions usually induced by these primary pathogens. Other aerobic bacterial isolates suggested a transient population since they are not considered primary pulmonary pathogens. 18 No anaerobes, chlamydlal, mycoplasmal or viral agents were isolated from lungs freshly obtained at necropsy. Acid-fast stains failed to identify mycobacteria or other acid-fast positive bacteria as these potentially might be expected in pronounced interstitial pneumonia with a granulomatous component. Granulomatous interstitial pneumonia of horses has been linked to silicate pneumoconiosis. l 6 In our horses, crystalline particles could not be detected by light or electron microscopy, and the inflammatory response did not progress to granulomatous pulmonary changes.
Epidemiologic studies through farm visits into the background of the horses of our series revealed no clues for the pathogenesis of the lung lesions. Vaccinations were current in all young and adult horses. The management of the horse farms was excellent, ruling out the presence of toxic plants such as Crotalaria sp., perilla mint, and chemical toxins, for example, paraquat.
In conclusion, a specific cause for the described pulmonary lesions in twenty horses with diffuse interstitial pneumonia could not be recognized. The presentation of our cases may hopefully stimulate research interests to elucidate the etiology and pathogenesis of equine interstitial pneumonia and to focus on hence unknown toxins, perhaps endogenous in nature such as endotoxins, as potential causative factors, mainly because the equine lung pathology was so similar in most cases to that of atypical interstitial pneumonia in cattle.
